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Abstract 
The ground-coupled heat pump (GCHP) system used to provide space heating for an office room is a renewable technology with 
a high performance. The experimental measurements are used to test the performance of a GCHP system integrated with the 
radiator or radiant floor heating system for an office room. A comparative analysis of the main performance parameters (energy 
efficiency and CO2 emissions) is performed for the two heating systems. Additionally, two numerical simulation models of useful 
thermal energy and the system coefficient of performance (COPsys) in heating mode are developed using the TRNSYS (Transient 
Systems Simulation) software. Finally, the simulations obtained using TRNSYS software are analysed and compared to the 
experimental data, resulting in good agreement and thus the simulation models are validated. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2015. 
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1. Introduction 
The buildings are an important part of European culture and heritage, and they play an important role in the 
energy policy of Europe. An economical strategy of sustainable development has been imposed to promote 
efficiency and rational energy use in buildings, which are the major energy consumer in Romania and the other 
member states of the European Union (EU) [1].  
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Nomenclature 
AFS  air flow sensor 
BHE  borehole heat exchanger 
CO2  carbon dioxide emission (kg) 
COPsys  system coefficient of performance 
cv   coefficient of variation (%) 
Eel   consumed electrical energy (kWh) 
Et   heating usable energy (kWh) 
EU   European Union  
gel   CO2 emission factor for electricity (kg CO2/kWh) 
GCHP  ground-coupled heat pump 
GHE  ground heat exchanger 
HVAC  heating, ventilating and air-conditioning 
n   number of measured data 
PC  personal computer 
PD  percent dissatisfied persons (%) 
PTC  positive temperature coefficient  
R2   coefficient of multiple determinations 
RMS   root-mean square  
td   supply hot-water temperature (K or qC) 
te   outdoor air temperature (K or qC) 
tf  mean floor surface temperature (K or qC) 
ths   heat source temperature (K or qC) 
ti   indoor air temperature (K or qC) 
TRNSYS Transient Systems Simulation 
U   coefficient of heat transfer (W/(m2K)) 
wZ   uncertainty in the result Z 
ymea,i   measured value of one data point i 
ycom,i   computed value 
imeay ,   mean value of all measured data points 
 
 
The EU member states must stimulate the transformation of existing buildings undergoing renovation into nearly 
zero-energy buildings (nZEBs). Conversion to heating and cooling systems based on ground source heat pumps and 
air-to-water heat pumps is a well-proven measure to approach nZEB requirements. 
In order to realize the ambitious goals for the reduction of fossil primary energy consumption and the related CO2 
emissions to reach the targets of the Kyoto-protocol besides improved energy efficiency the use of renewable energy 
in the existing building stock have to be addressed in the near future [2, 6]. 
For the first time, the Renewable Energy Directive (2008) of the European Parliament recognizes aero-thermal, 
geothermal and hydrothermal energy as renewable energy source (RES). This directive opens up a major opportunity 
for further use of heat pumps for heating and cooling of new and existing buildings [7]. 
Ground-coupled heat pump (GCHP) system is a type of renewable energy technology which has been 
increasingly used in the last decade around Europe to provide air-conditioning and domestic hot-water for the 
buildings [8-10]. It can achieve higher energy efficiency compared to air source heat pump system because the soil 
can provide lower temperature for cooling and higher temperature for heating than air does [11]. A number of GCHP 
systems have been used in residential and commercial buildings worldwide because of their noticeable high 
efficiency and environmental friendliness [9, 11-14]. The use of GCHPs in the achievement of adequate 
temperatures has been studied by several researchers [15-18] 
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A GCHP system consists of a conventional heat pump coupled with a ground heat exchanger (GHE) where water 
or a water-antifreeze mixture exchanges heat with the ground. The GHE may be a simple pipe system buried in the 
ground; it may also comprise a horizontal loops or, more commonly, vertically drilled boreholes filled with single or 
double U-tube and grout (i.e. borehole heat exchanger (BHE)) [19]. A BHE is commonly drilled to a depth between 
20 and 300 m with a diameter of 100-200 mm. A GCHP utilises the ground as a heat source in heating and a heat 
sink in cooling mode operation. 
Most existing studies of GCHP systems concentrate on theoretical and simulation model research [12, 20, 21] or 
in situ monitoring of the heat transfer in BHE [22-25]. Only a few researchers have investigated the experimental 
operation performance of GCHP systems. Hwang et al. [23] presented the actual cooling performance of a GCHP 
system installed in Korea for 1 day of operation. Pulat et al. [26] evaluated the performance of a GCHP with a 
horizontal GHE installed in Turkey under winter climatic conditions. The coefficient of performance (COP) of the 
entire system and the heat pump unit were found to be 2.46-2.58 and 4.03-4.18, respectively. Yang et al. [27] 
reported the heat transfer of a two-region vertical U-tube GHE after an experiment performed in a solar geothermal 
multifunctional heat pump experimental system. Lee et al. [28] conducted experiments on the thermal performance 
of a GCHP integrated into a building foundation in summer. Man et al. [29] performed an in situ operation 
performance test of a GCHP system for cooling and heating provision in a temperate zone. The experimental results 
indicate that the performance of the GCHP system is affected by its intermittent or continuous operation modes. Petit 
and Meyer [30] compared the thermal performances of a GCHP with an air source air conditioner, finding that a 
horizontal or vertical GCHP was more favourable in terms of economic feasibility. Esen and Inalli [31] proposed 
using the in situ thermal response test to determine the thermal property of the ground for the GCHP applications in 
Turkey, and they found that the thermal conductivity and effective thermal resistance of the ground vary slightly 
with depth. 
This paper presents an experimental study performed to test the performance of a GCHP system integrated with 
the radiator or radiant floor heating system for an office room. The main performance parameters (energy efficiency 
and CO2 emissions) are obtained for one month of operation of the GCHP system, and a comparative analysis of 
these performances is performed. Additionally, two numerical simulation models of useful thermal energy and the 
system coefficient of performance (COPsys) in heating mode are developed using the TRNSYS (Transient Systems 
Simulation) software. Finally, the simulations obtained in TRNSYS software are analysed and compared to 
experimental measurements. 
2. Description of the office room 
Experimental investigations of GCHP performance were conducted in an office room with geometrical 
dimensions of 6.7 mu3.3 mu3.45 m (Fig. 1) at the Politehnica University of Timisoara, Romania, located at the 
ground floor of the Civil Engineering Faculty building. The Timisoara city has a continental temperature climate 
with four different seasons. The heating season runs in Timisoara from 1 October to 30 April. The following data are 
known: heat transfer resistance (1/U-value) of building components: walls (2.10 m2K/W), ceiling (0.34 m2K/W), 
windows and doors (0.65 m2K/W); glass walls surface, 8.2 m2; total internal heat gain (e.g. from computers, human 
and lights), 25 W/m2; and heat demand, 1.35 kW. The indoor and outdoor air design temperatures are 22 qC and 15 
qC, respectively. 
This space is equipped both with a floor heating system and steel panel radiators to analyse the energy and 
environmental performances of these systems. These two heating systems are connected to a mechanical 
compression GCHP, type WPC 5 COOL. In the GCHP system, heat is extracted from the ground by a vertical GHE 
with a length of 80 m. Fig. 2 illustrates the monthly energy demand for office room heating. 
3. Experimental facilities 
The GCHP experimental system consisted of a BHE, heat pump unit, circulating water pumps, floor/radiator 
heating circuit, data acquisition instruments and auxiliary parts, as shown in Fig. 3. 
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Fig. 1. Experimental office room 
 
 
 
Fig. 2. Monthly energy demand for office room heating 
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Fig. 3. Experimental GCHP system 
 
3.1. BHE 
The GHE of this experimental GCHP consisted of a simple vertical borehole that had a depth of 80 m. Antifreeze 
fluid (30% ethylene glycol aqueous solution) circulates in a single polyethylene U-tube of 32 mm internal diameter, 
with a 60 mm separation between the return and supply tubes, buried in borehole. The borehole overall diameter was 
110 mm. The borehole was filled with sand and finished with a bentonite layer at the top to avoid intrusion of 
pollutants in the aquifers. The average temperature across the full borehole depth tested was 15.1 qC. The average 
thermal conductivity and thermal diffusivity of the ground from the surface to 80 m deep tested were 1.90 W/(m K) 
and 0.79u106 m2/s, respectively [32]. The boreholes were completely backfilled with grout mixed with drilling 
mud, cement and sand in specific proportions. The thermal conductivity and thermal diffusivity of the grout tested 
by manufacturer were 2.32 W/(m K) and 0.93u106 m2/s, respectively [33]. 
3.2. Heat pump unit 
The heat pump unit is a reversible ground-to-water scroll hermetic compressor unit with R410A as a refrigerant 
and the nominal heating capacity of 6.5 kW. The heat pump unit is a compact type model having an inside 
refrigeration system. The operation of the heat pump is governed by an electronic controller, which, depending on 
the system water return temperature, switches the heat pump compressor on or off. The heat source circulation pump 
was controlled by the heat pump controller, which activates the source pump 30 s before compressor activation. 
3.3. GCHP data acquisition system 
The GCHP data acquisition system consisted of the indoor and outdoor air temperature, dew point temperature, 
supply/return temperature, heat source temperature (outlet BHE temperature), relative air humidity, and main 
operating parameters of the system components. 
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3.4. Heating system 
The heating systems are supplied via a five-circuit flow/return manifold as follows. The first two circuits supply 
the floor heating system. The third and fourth circuits are coupled to a radiator heating system, and the fifth circuit is 
for backup. 
The flow/return manifold is equipped with a circulation pump to ensure the chosen temperature of the heat 
carrier (hot-water). A three-way valve and a thermostatic valve are provided to adjust the maximum hot-water 
temperature of the floor’s heating system. Thus, for higher temperatures, the hot water is adjusted to achieve a 
circulation loop in the heating system. 
To achieve higher performances of the heating systems, a thermostat is provided for controlling the start/stop 
command of the circulation pump when the room reaches the set point temperature. At the same height as this 
thermostat, there is also an ambient thermostat that controls the starting and stopping of the heat pump to ensure 
optimum operation of the entire heating system. 
The start-stop command of the flow/return manifold circulation pump is controlled by an interior thermostat 
relay, situated at a height of approximately 1.00 m above the floor surface. This height has been determined to 
provide adequate comfort for the office occupants. 
3.4.1. Radiant floor heating system 
The radiant floor heating system consists of two circuits connected to a flow/return manifold (Fig. 4), designed to 
satisfy the office heating demand of 1.35 kW. The first circuit has a length of 54 m and is installed in a spiral coil, 
with the closest step distance to the exterior wall of the building to compensate for the effect of the heat bridge, and 
the second circuit, with a length of 61 m, is mounted in the coil simple. The mounting step of the coils is between 10 
cm and 30 cm. 
The floor heating pipes are made of cross-linked polyethylene with an external diameter of 17 mm and a wall 
thickness of 2 mm. The mass flow rate for each circuit is controlled by the flow/return manifold circuit valves. They 
are adjusted to satisfy the heat demand according to Timisoara’s climate (te= 15 °C). 
3.4.2. Radiator heating system 
The low-temperature radiator heating system (45/35 qC) has two steel panel radiators, each one with two water 
columns and a length of 1000 mm, height of 600 mm and thermal power of 680 W (Fig. 5), connected to a 
flow/return manifold and dimensioned to satisfy the office heating demand of 1.35 kW. They are installed on a stand 
at 15 cm above the floor surface to ensure optimal indoor air circulation. 
The heating radiator system pipes are made of cross-linked polyethylene with an external diameter of 17 mm and 
a wall thickness of 2 mm. The mass flow rate for each radiator is controlled by the flow/return manifold circuit 
valves, adjusted to satisfy the heat demand of office room. 
 
Fig. 4. Floor heating system 
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Fig. 5. Radiator heating system 
4. Measuring apparatus 
A network of sensors was setup to allow monitoring of the most relevant parameters of the system [33]. Two 
thermal energy meters were used to measure the thermal energy produced by the GCHP and the extracted/injected 
thermal energy to the ground. A thermal energy meter was built with a heat computer, two PT500 temperature 
sensors and an ultrasonic mass flow meter. The two PT500 wires temperature sensors with an accuracy of r0.15 qC 
were used to measure the supply and return temperature for a hydraulic circuit (the water-antifreeze solution circuit 
or the manifold circuit). Also, an ultrasonic mass flow meter measured the mass flow rate for a hydraulic circuit. 
The thermal energy meters were AEM meters, model LUXTERM, with a signal converter IP 67 and accuracy 
<0.2%. A three-phase electronic electricity meter measured the electrical energy consumed by system (the heat 
pump unit, the circulating pumps, a feeder 220 Vca/ 24 Vcc, a frequency converter and a programmable logic 
controller) and another three-phase electronic electricity meter measured the electrical energy consumed by the heat 
pump compressor. The two three-phase electronic electricity meters were multifunctional type from AEM, model 
ENERLUX-T, with an accuracy grade in r0.4% of the nominal value. The monitoring and recording of the 
experiments were performed using a personal computer (PC). The indoor and outdoor air temperature was measured 
by AFS sensors and supply/return and heat source temperature was recorded by PTC immersion sensors, all 
connected to the GCHP data acquisition system and having an accuracy of r0.2 qC. 
5. Experimental results 
5.1. Comparison between energy performances of systems 
The two heating systems were monitored for two months. The experiments were conducted for a one-week 
heating period for each of the two analysed heating systems, from the 7th of December 2013 to the 6th of January 
2014 and from the 15th of January 2014 to the 14th of February 2014. The outdoor temperature varied in the range 
of 5.6-9.7 qC. The weekly mean values of the outdoor temperature during the two periods were almost equal. 
The energy performance of heating system is determined based on coefficient of performance (COPsys), which 
can be calculated as follows: 
el
t
E
E sysCOP    (1) 
95 Calin Sebarchievici et al. /  Procedia Engineering  118 ( 2015 )  88 – 100 
where Et is the heating usable energy and Eel is the consumed energy by system. 
The carbon dioxide emission (CO2) of the heating system during its operation is calculated with following 
equation: 
elel Eg 2CO    (2) 
in which gel=0.547 kg CO2/kWh is the specific CO2 emission factor for electricity [34]. 
To obtain the COP and CO2 emissions, it is necessary to measure the heating energy and electricity used in the 
system. 
During the cold season, measurements were performed at the appreciatively same average outdoor air 
temperature and the heat source temperature for both the radiant floor heating system and the radiator heating 
system. The following average values were recorded: outdoor air temperature (te), indoor air temperature (ti), heat 
source temperature (ths), supply hot-water temperature (td), electricity consumption (Eel) and useful thermal energy 
for heating (Et). In addition, the CO2 emission and the ON/OFF switching of the heat pump were determined in both 
heating systems. 
Fig. 6 shows a comparison between the indoor air temperatures ti,RAD and ti,RF obtained by radiator heating and 
radiant floor heating. It is observed that due to the small thermal inertia of the radiators, a high level of ON/OFF 
switching is needed for the heat pump of the radiator heating system, leading to large fluctuations of indoor air 
temperature compared with the floor heating system, along with reduced thermal comfort. 
Table 1 presents a summary of the experimental results. The two heating systems have small differences (4.5%) 
in their energy performance coefficient (COPsys) value, but the ON/OFF switching in the case of radiator heating 
system is almost three times higher than that for radiant floor heating system, leading to higher wear on the heat 
pump equipment. In addition, there was 10% higher energy consumption and CO2 emission for the radiator heating 
system compared with the floor heating system under the same operating conditions. 
 
 
Fig. 6. Variation of indoor air temperature 
Table 1. Experimental results. 
Heating system te [qC] 
ti 
 [qC] 
ths  
[qC] 
td  
[qC] 
Eel 
[kWh] 
Et 
 [kWh] 
CO2  
[kg] 
ON/OFF 
switching COPsys 
Radiant floor 9.39 22.28 18.77 28.12 5.77 32.78 3.16 48 5.68 
Radiator 9.00 22.30 17.62 30.62 6.35 34.42 3.47 140 5.42 
 
Energy consumption can be influenced by building occupants’ activity and the floor surface material. If the floor 
surface material exhibits good heat transfer, such as with stone or tile, the floor feels cold even at a temperature of 
approximately 24 qC to 25 qC. 
Generally, the building occupants want the floor to feel warm to the feet, and this is why they increase the 
water temperature to a level that makes the floor feel warm, sometimes even in summer. The warm temperature is 
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typically more than 27 qC for stone-based materials. The excess heat must be ventilated/cooled to retain acceptable 
indoor air temperatures. This causes a great increase in energy consumption. Cases in which the energy consumption 
has doubled have been observed in studies. In a well-insulated building, the selected floor surface material is of 
crucial importance in regard to how warm the floor feels. For example, oak parquet at a temperature of 21 qC and 
stone floor at a temperature of 26 qC feel neutral and roughly the same under a bare foot according ISO/TS 13732-2 
[35]. However, this is not always the case, the percent dissatisfied (PD) in % has a relation with floor surface 
temperature as follow [36]: 
 20025.0118.0387.1exp94100PD ff tt    (3) 
where tf is the floor surface temperature. 
5.2. Uncertainty analysis 
Uncertainty analysis (the analysis of uncertainties in experimental measurement and results) is necessary to 
evaluate the experimental data. An uncertainty analysis was performed using the method described by Holman [37]. 
A result Z is a given function of the independent variables x1, x2, x3…xn. If the uncertainties in the independent 
variables w1, w2, w3…wn are all given with same odds, then uncertainty in the result wZ having these odds is 
calculated by the following equation [37]: 
22
2
2
2
1
1
... ¸¸¹
·
¨¨©
§
w
w¸¸¹
·
¨¨©
§
w
w¸¸¹
·
¨¨©
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Zw
x
Zw   (4) 
In the present study, the temperatures, thermal energy and electrical energy were measured with appropriate 
instruments explained previously. Error analysis for estimating the maximum uncertainty in the experimental results 
was performed using Eq. (4). It was found that the maximum uncertainty in the results is in the COPsys, with an 
acceptable uncertainty of 3.9% and 3.1% for radiant floor heating system and radiator heating system, respectively. 
6. Numerical simulation of useful thermal energy using TRNSYS software 
TRNSYS software [38] is one of the most flexible modelling and simulation tools and can solve very complex 
problems from the decomposition of the model in various interconnected model components. One of the main 
advantages of TRNSYS for the modelling and design of ground source heat pumps is that it includes components for 
the calculation of building thermal loads, specific components for heating/cooling, ventilating and air-conditioning 
(HVAC), heat pumps and circulating pumps, modules for borehole heat exchangers and thermal storage, as well as 
climatic data files, which make it a very suitable tool to model a complete air-conditioning/heat pump installation to 
provide heating and cooling to a building. 
Some statistical methods, such as the root-mean squared (RMS), the coefficient of variation (cv), the coefficient of 
multiple determinations (R2) and percentage difference may be used to compare simulated and actual values for 
model validation. 
The simulation error can be estimated by the RMS defined as [39]: 
 
n
yy
RMS
n
i imeaisim¦   1 2,,    (5) 
In addition, the coefficient of variation cv, in percent and the coefficient of multiple determinations R2 are defined 
as follows [39]: 
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,,2 1    (7) 
where n is the number of measured data in the independent data set; ymea,i is the measured value of one data point i; 
ysim,i indicates the simulated value; imeay , is the mean value of all measured data points. 
The percentage difference is calculated as follows: (extracting the measured value from the simulated 
value)/(measured value)u100. 
6.1. Simulation of thermal energy used for office room heating 
6.1.1. Definition of the operation scheme 
To simulate the thermal energy used to cover the heating load of the office room, the operational connections 
were established between the building and all internal and external factors. 
Fig. 7 presents the operational scheme built in TRNSYS, where the building thermal behaviour was modelled 
using a “Type 56” subroutine. This subroutine was processed with the TRNBuild interface by introducing the main 
construction elements, their orientation and surface, shadow factors, and indoor activity type. Weather data for the 
Timisoara were obtained from the Meteonorm data base [40] and the weather data reader “Type 109” and “Type 
89d” were used to convert the data in a form readable from TRNSYS. 
The simulation model took into account the outdoor air infiltrations, heat source type, and interior gains. To 
extract the results, an online plotter (“Type 65”) is used. 
 
Fig. 7. Scheme of the system model built in TRNSYS to simulate the useful thermal energy 
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6.1.2. Simulation results and comparison with experimental data 
Performing simulations for a one-year period (8760 h), the values of thermal energy used for heating were 
obtained and are presented beside the measured values in Table 2. Statistical values such as RMS, cv and R2 are also 
given in Table 2. 
There was a maximum difference between the measured and TRNSYS simulated values for the heating period of 
approximately 1.59%, which is very acceptable. The RMS and cv values in heating mode are 2.722 and 1.41%, 
respectively. The R2-values are about 0.9999, which can be considered as very satisfactory. Thus, the simulation 
model was validated by the experimental data. 
Table 2. Thermal energy used for office room heating. 
Month 
Heating energy [kWh] Percentage 
difference  
[%] 
RMS cv [%] R
2 
Simulated Measured 
January 252.50 256.24 1.57 
2.72187 1.409 0.99990075 
February 195.70 195.06 +0.32 
March 151.61 150.44 +0.77 
April 49.73 48.95 +1.59 
May 0.00 0.00 0.00 
June 0.00 0.00 0.00 
July 0.00 0.00 0.00 
August 0.00 0.00 0.00 
September 0.00 0.00 0.00 
October 94.85 95.66 0.84 
November 174.45 172.62 +1.06 
December 238.75 240.11 0.57 
 
6.2. COP simulation of GCHP system 
6.2.1. Definition of the operation scheme 
For COP simulation of the GCHP system the operational scheme built in TRNSYS from Fig. 8 was utilised. The 
assembly of GCHP system consists of the standard TRNSYS weather data readers “Type 15-6”, a GCHP model 
“Type 919”, a BHE “Type 557a”. Also, in the simulation model were defined single speed circulating pumps “Type 
114” for the antifreeze fluid in the BHE and “Type 3d” for heat carrier fluid of the manifold. A “Type 14” for the 
load profile and a daily load subroutine were created, this approach improving significantly the numerical 
convergence of the model. Finally, two model integrators (“Type 25” and “Type 24”) were used to calculate daily 
and total results for thermal energy produced. 
6.2.2. Simulation results and comparison with experimental data 
COP simulation of the GCHP integrated both with radiator and radiant floor heating system was performed for 
one month period. The results of the simulation program are presented beside the experimental data in Table 3. A 
comparative analysis of these results indicates that the COPsys values simulated with TRNSYS program were only 
3.52% lower than the measured values for radiant floor heating system and only 4.98% lower than the measured 
values for radiator heating system. Thus, the simulation model is validated experimentally. 
Table 3. The COP values for GCHP system. 
Heating system COPsys Percentage difference [%] Simulated Measured 
Radiant Floor 5.48 5.68 3.52 
Radiator 5.15 5.42 4.98 
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Fig. 8. Scheme of the system model built in TRANSYS for COP simulation 
7. Conclusions 
The use of heat pumps in modern buildings with improved thermal insulation and reduced thermal load is a good 
alternative to classical heating solutions. 
This study showed that radiator heating and radiant floor heating systems have small differences (4.5%) in their 
energy performance coefficient (COPsys) value, but the ON/OFF switching in the case of radiator heating system is 
almost three times higher than that for radiant floor heating system, leading to higher wear on the heat pump 
equipment. In addition, there was 10% higher energy consumption and CO2 emission for the radiator heating system 
compared with the floor heating system under the same operating conditions. 
The developed TRNSYS simulation models can be used as a tool to determine the GCHP performance connected 
with different heating systems to optimise theirs energy efficiency and ensure the user’s comfort throughout the 
year. 
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